(23 o 00'41.8'' S, 42 o 55'07.39'' W), Brazil, in February 2013 (Fig 1) . Excess seawater was 134 removed by gently pressing the samples against sterile filter paper. A fragment of 135 approximately 500 mg was excised from each individual with a sterile scalpel blade. 136 Fragments were stored in RNAlater (Qiagen) at room temperature and transported to the 137 laboratory for DNA extraction. A voucher of each specimen was deposited at the 138 Porifera Collection of the Rio de Janeiro State University (UERJPOR) under voucher 139 numbers UERJPOR27 (P. magna 6) and UERJPOR26 (P. magna 8), respectively.
140
Morphological identification was performed by three specialists, BM, MK and ELE. 141 For microbiota analysis of the surrounding seawater, 5 liters of surface seawater were 142 collected in a sterile container and filtered through a 0.22 µm membrane (Millipore). 143 The membrane was stored at -20 °C until processing. For more efficient extraction, small pieces of sponge tissue were cut with a 155 sterile scalpel and macerated with sterile polypropylene pestles in microcentrifuge tubes 156 containing extraction buffer. The filter membrane was cut into small pieces with 157 sterilized scissors and placed into a microcentrifuge tube with the same buffer. Total 158 DNA extractions were carried out with the DNEasy blood and tissue kit (Qiagen) 159 following the manufacturer's recommendations. DNA quantification was performed 160 using the Qubit High sensitivity ds DNA assay (Thermo Fisher Scientific, Brazil) .
162
Sponge phylogenetic analysis 163 To provide a molecular tag for our P. magna samples, amplification of the 18S 164 rRNA gene was performed as described by Redmond et al. (2007) following parameters were used: The low count filter was set without a minimum count 229 and the prevalence in samples was set at 10%. The low variance filter was set at inter-230 quartile range and the percentage to remove was set at 0%. The data was then 231 normalized by rarefying to the minimum library size and scaled by total sum scaling.
232
To determine the similarities of the microbial communities among the different 233 sponge and seawater samples a dendrogram was constructed with mothur from Bray-234 Curtis distances obtained from samples rarefied to the minimum library size. Weighted 235 unifrac was the chosen distance metric for beta diversity analysis from the rarefied 236 samples, which was visualized on a NMDS graph. according to Bray-Curtis distances that was also computed within the Calypso platform.
259
The parameters used for these analyses on the Calypso platform were the following: Data was filtered by removing rare taxa with less than 1% relative abundance, and the 261 data were normalized by total sum normalization followed by square root Sequencing run details and alpha diversity 270 Sequencing of the V4 tag of the 16S rRNA gene produced, after mothur 271 processing, 819,538 sequence reads for the two P. magna individuals, being 98.5% 272 bacterial and 1.5% archaeal ( Gammaproteobacteria isolated from a microbial mat found in a shallow submarine hot 341 spring off the coast of Japan [34] , was also observed only in P. magna 6.
342
OTUs found in the seawater sample were affiliated with a great diversity of 343 genera, and 35% of them did not reach a minimum relative abundance of 5%. Typical 344 marine genera were also observed such as those affiliated with the SAR and NOR 345 clades, with SAR_92 clade being the most abundant, with 14% of the OTUs (Fig 2) . (Fig 4) . the least represented in all samples ( Fig 5A) . The predicted metagenome of archaeal communities showed that pathways 383 related to translation, and energy metabolism, the latter involving amino acids and 384 carbohydrate metabolism, were the most abundant. Among these pathways, only 385 carbohydrate metabolism was more prominent in seawater. Differences were found in 386 intermediately abundant pathways, where metabolism of cofactors and vitamins were 387 more prevalent in sponges while replication and repair and membrane transport were 388 more prominent in seawater. Among features with smallest abundance, enzyme families and metabolism were lower in the sponges and signal transduction, cell motility, 390 processes and signaling pathways were lower in seawater ( Fig 5B) . Seawater samples showed greater microbiota diversity (Fig 7, Fig S3) than 411 sponges, and the sample from Fields Bay, Antarctica, was the least diverse among them.
412
Among the sponge species, P. magna presented the lowest Shannon diversity index, 413 while all other samples presented higher and similar values (Fig 7) . hyper saline mat (Fig 3A) .
469
The family Rhodospirillaceae, to which OTU002 was assigned, has 34 known 470 genera of Gram-negative microorganisms that present various nutritional strategies [41] .
471
In the phylogenetic tree constructed with related sequences retrieved from GenBank,
472
OTU002 showed similarity with marine bacteria from different habitats, grouping 473 closely with a sequence from a bacterium isolated from a marine biofilm. classification. This seems to be the case for OTU002. Differently, OTU001 appears to 478 have not been sequenced yet, as the highest similarity value with other reported 479 sequences in Genbank was 91%.
480
The seawater sample showed the greatest microbial diversity, and 35% of the 481 OTUs did not reach a relative abundance of at least 5%. The most abundant OTU 482 belongs to the SAR92 clade, a member of the Gammaproteobacteria (Fig 2) . This group The predicted bacterial metagenomes for P. magna individuals ( Fig 5A) 488 revealed that the most abundant functional pathways were related to carbohydrate and 489 amino acid metabolism and membrane transport, indicating the participation of the 490 symbionts in the obtention and transport of nutrients. The seawater predicted 491 metagenome was distinguished mainly for having a lower abundance in pathways 492 related to nutrient metabolism, which corroborates the fact that the most abundant 493 genera in this sample are oligotrophic.
494
Karimi et al.
[44] published a study reporting the main genomic features of 495 alphaproteobacterial sponge symbionts. Corroborating our data, their study showed a 496 prevalence of ABC transporters, fundamental for nutrient obtention, and versatile 497 nutrients metabolism, pointing to a great importance in nutrient cycling. Moreover, they 498 also described a reduction in motility observed in symbionts, contrary to that observed 499 in free-living bacteria. In our heatmap ( Fig 5) , we also observed a low abundance in 500 motility pathways.
501
In the domain Archaea, the phylum Thaumarcheota was predominant in P.
502
magna samples, as already described by studies with other sponges (Fig 4) subclass Calcaronea. We also analyzed the microbiota from four different seawater 538 samples to compare the microbiota of the sponges and the environment they inhabit, 539 which is fundamental for LMA sponge studies.
540
The microbiota of all sponge species was clearly separated from those of 541 seawater samples both on the NMDS plot ( Fig 6) and in the dendogram (Fig S2) .
542
Seawater samples clustered together, preserving certain dissimilarities. Among the 543 sponges, it has been shown that short phylogenetic distances correspond to more similar 544 microbiota [52, 53] . In the present study, we could observe this phenomenon in two 545 distinct species of the same genus, Clathrina clathrus and C. coriacea, clustered 546 together in the NMDS plot ( Fig 6) and on the cladogram (Fig S2) . These two sponges 547 species are of the same subclass as L. antarctica, however, no similarity in microbiota 548 composition was found, with the latter forming a separate branch on the cladogram. The 549 species Leucosolenia sp. and P. magna are of the same order, Leucosolenida, but they 550 did not cluster together. In fact, Leucosolenia sp., a species of the subclass Calcaronea, 551 clustered with species of Clathrina, i.e. species of the subclass Calcinea ( Fig S2) .
552
Although they are phylogenetically distant, they have the same type of aquiferous 553 system, asconoid. Paraleucilla and Leuconia samples also formed a cluster ( Fig S2) and 554 are in proximity on the NMDS graph ( Fig 6) . Both species have a leuconoid aquiferous 555 system.
556
Although the microbiota of only a few calcareous sponges has been studied, the 557 clustering of asconoid and leuconoid species is very interesting. In the asconoid are the most diverse, based on the Shannon index (Fig 7) . This index calculates 570 diversity based on richness and abundance of microorganisms combined and although 571 no index has been deemed as ideal, a study reported the Shannon index as being capable 572 of describing the largest number of relationships/traits [54] .
573
Hierarchical clustering based on the predicted bacterial metabolism showed that 574 sponges from the same genus share similar metabolic pathways and these are clearly 575 separate from seawater samples, indicating that there is a fundamental difference 576 between the microorganisms inhabiting these two habitats and the functions they 577 perform ( Fig S4) . This can also be seen in the heatmap of the 15 most abundant 578 predicted pathways and in the statistical analysis with STAMP (Fig 8 and Fig 9,   579 respectively), in which functions related to nutrient acquisition (membrane transport, 580 xenobiotics biodegradation and metabolism) and symbiont/host interactions (cell 581 motility, genetic information processing and signal transduction) were prevalent in 582 sponges and functions related to cellular metabolism (amino acid metabolism) and 583 proliferation (nucleotide metabolism, replication and repair) had higher abundance in 584 seawater (Fig 9) . Conversely, Karimi et al. [55] , showed that ABC transporters were 585 more prevalent in sponges.
of 34 586
This study shows the first description of P. magna's microbiota by next-587 generation sequencing. This microbiota is characteristic of an LMA sponge, is 588 dominated by few Alphaproteobacteria OTUs and has a predicted metabolism directed 589 to nutrient uptake and degradation and housekeeping functions. Also, when compared to 590 other species of calcareous sponges, P. magna symbionts differed at both OTU and 591 metabolic levels. Other studies need to be performed in order to determine if P. magna 592 presents a stable microbiota across seasonal and geographical distances. 
